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ABSTRACT 

Three lots of serrated liners were tested for penetration into 

mild steel at various spin rates. The liner designs are illustrated, 

the inspection and penetration data are presented, and the test re- 

sults are discussed. 

The correlation between performance and external flute design 

is summarized to date. 

Dynamic firing tests with T138E73 projectiles, incorporating 

DRD393 copper liners, were conducted and the data are presented. 
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T120  PROJECTILE 

I 

Serrated  Line-* 

Three sets of serrated liners and two 
sets of controls have been tested for pene- 
tration into mild steel, at various spin 
rates and at a  standoff of 7.50 inches. 

The liner designs, DRD78-2 (5-degree 
index angie), DRD393 item 1 and DRD393 
item 2 are shown in Figures 1 and 2. Fig- 
ures 3 and 4 show the DRB2 cone from 
which the DRD78-2 cones were pressed 
and the DRB398 cone from which the DRD 
393 cones were pressed. The inspection 
data are shown in Tables I, III and V and 
the penetration data are shown in Tables 
II, IV and VI. Spin rate versus pene- 
tration curves are shown in Figures 5 
to 9. 

DRD78-2 (..-degree  IniJex Angle) Linmrs 

The DRD78-2 liners reported here 
have 16 flutes on both the internal atid 
external surfaces. They differ from the 
DRD78-2 cones, whose performance was 
reported in the Supplement to the Thir- 
teenth Progress Report, in that the in- 
dex angle between the inside and outside 
flutes is a rnminal 5° instead of 2° as 
shown in Figure 1. The actual index 
angles, measured on these two series 
of DRD78-2 cones, were 1°8' and 4°26'. 
The average penetration at the peak of 
the penetration curve is 14.8 inches and 
occurs at -85 rev/sec. This result is 
considerably different from the earlier 
one in which the best performance was 
17.0 inches at +5 rev/sec and demon- 
strates the very important effect of the 
index angle. These data are in close 
agreement with similar tests on 57mm 
cones reported by Dr. Emerson Pv.gh 
and R. J. Eichelberger (C.I.T.-ORD- 
R26). Additional tests with other index 
angles are planned. 

in DRC15 type  penetration assemblies. 
(Fig.  5, Twenty -Fourth Progress Report). 

DRD393  Unmrs 

The DRD393 cones have 50 flutes on 
the external surface only. The two series 
differ only in the depth of fluting. The 
DRD393 ilem 1 cones have flutes .0149 
in. deep at a datum .484 in. above the 
b*se.. The best average penetration is 
18. 3 in. at 60 re//sic (Fig. 7). The 
penetration of this cone is not reduced 
by the use of DRC3i4 HW9 tees (in place 
of the standard nose rings) at 45 rev/ 
sec, nor by DRC314 HW11 tees at 60 rev/ 
sec. A description of these tees and 
their effect upon the performance of DRB 
393 cones may be found in the Twenty- 
Sixth and Twenty-Seventh Progress Re- 
ports. 

The DRD393 item 2 cones have flutes 
.0129 in, deep at a datum .484 in. above 
the base. The best average penetration 
is 20.0 in. at 52 rev/sec (Fig. 8). Al- 
though the DRC314 HWll tee does reduce the 
penetration of this cone slightly even at 
45 rev/sec the penetration of 18.5 in. 
permitted is satisfactory. 

A standard penetration curve for the 
DRB398 blank is shown for comparison 
in Fig.   9. 

All penetration assemblies in the DRD 
393 scries were of the DRC376 type.   (Fig. 
4,   Twenty-Fourth Progress Report). 
Where noted,tees replaced the standard 
nose rings. 

Correlation    of    ixternolly    Fluted    Unmr 
Performance 

A correlation between penetration be- 
havior and design parameters for ex- 
ternally fluted cones was presented in 
the Supplement to the Sixteenth Progr«:»a 
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Report. This correlation was revised 
by the inclusion of additional data in the 
Supplement to the Twenty-Second Progress 
Import. Additional data no* permus 
a further extension of this correlation. 

Table VII showe the design parameters 
and penetration behavior for all cones 
of the DRB2 type; Table VIII for the cones 
of the DRB398 type.    The calculations 
for the correlation factor f (N) are sum- 
marized in Table IX.    Figure 10 is a plot 
of the correlation.    As additional data 
become available they will be included 
in later additions or revisions to this 
correlation. 

Dynamic fmnaf ration T«ti With S*rrafd 

LJitwi 

Ten DRD393 item 1 cones were assem- 
bled *" T.38E73 projectiles and tested by 
firing against armor plate at Aberdeen 
Proving Ground.    Table X is a modification 
chart for the T138E73 projectile.    In- 
spection data for these cones are shown 
in Table III and static penetration data 
for similar cones in Table IV -nd Fig- 
ure 7.   The tees used were DRC3U HW9. 
The rounds were fired from a T137E1 
rifle.   Standard T137E57 projectiles (with 
smooth cones) were fired for comparison. 
The data at e shown in Table XI. 

At 58 rev/sec (1600 ft/sec from a 

1-80 tube) the average penetration of the 
DRD393 item 1 cones was 10.2 in. com- 
pared with 8.1 in. for the smooth cone. 
At 40 rev/sec (1640 ft/sec from a 1~120 
tube) the average penetration of the DRD 
393 item 1 cones was 8.00 in. compared 
with 7.5 in. for the smooth cones. 

While it is true that in each test the 
fluted cones appeared to be slightly better 
than the smooth control cones, their per- 
formance was far below expectation. 
Based upon the static tests shown in Fig. 
7.  and making allowance for a 15 percent 
reduction in penetration because of the 
use of armor plate in the dynamic tests, 
penetrations of 13.0 in.   at 40   rev/sec 
and 13. 5 in. at 60 rev/sec were antici- 
pated.    Because of the relatively poor 
performance of these rounds the three 
remaining rounds were fired statically 
at the Ballistic Research Laboratories 
penetration chamber at 60 rev/sec.   The 
target material was classed as "green" 
armor which has been shown to have pene - 
tration characteristics similar to mild 
steel.    The werage penetration for the 
three static rounds was 12.6 in. which, 
when reduced by 15 percent,  is approxi- 
mately equal to 10. 7 in.    This is com- 
parable to the penetration measured dy- 
namicall    at 58 rev/sec.    No reason is 
known for the poor performance of these 
rounds and therefore additio-.al tests 
are planned. 

Futur* Program 

Serrated Liners 

(a) DRD78 cones modified by a change 
of the index angle. Index angles of 
6.50°, 8.0° and 20° are planned. 

(b) DRD39? item 2 cones.    Static and 
dynamic tests in T138E73 assemblies. 

2.    Double Body Projectiles 

(a) Firing tests with test slugs having 
tapered bearings and ball bearings 
to determine comr-rative efficiency. 

(b) Test double body projectiles with 
DRC389 bearings for spin rate and 
accuracy. 

3 
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Tab!*   II 
Penetration   Data 

for  0*078-2  (5°  Index   Angimi  Unmrt 

Round Na 

 r 

Lbs. Comp B Rev/Sec 
Penetration 
mchesM S 

Max. 
Spread(in) 

Std. 
Dev. (in.) 

C.6-125 2.54 -120 10.81 
C16-126 2.52 '• 1 1.69 
C 1 6 - I 2 7 2.54 M ".se 

AvR.      10. 79 1.8! *.91 

C 16-133 2. 54 -105 13.25 
C16.-136 2.56 " 1 3.44 
C16-I37 2.54 12.25 

Avg.      12.98 1.19 ±.64 

CI6-122 2.54 -90 14.69 
C16-123 2.54 " 14.25 
C16-124 2.54 " 14.56 
V. 1 U - 1 JO 2,52 " 14.94 

Avg.      14.51 0.69 ±.30 

C16-129 2.56 -75 14.88 " 
C16-130 2.54 14. 75 
C 16- 1 32                       2.54 13.75 

! Avg.      14.46 1.13 ±.62 

C16-1 16 2.52 -60 1 1.94 
C16-117 2.52 i 1.50 
C16-128 2.56 " 10.06 

Avg.      11.17 1.88 ±.99 

C16-1 i 8 2.52 0 6.12 
C16-1 1>> 2.52 " 6.62 

Avg.        6.37 -- -- 

C16-1 19 2.54 *60 3.88 '-.:,.,.-:: 
C16-120 2.54 " 5.00 -~- 

Avg.        4.44 -- -- 
Conti ols 
FS618 2.52 0 18.69 
FS62 3 2.50 • • 18.50 
FS624 2. 52 " !9. 12 
FS625 2.52 •• 17.81 . 
FS626 2.54 " 17. 18 

Avg.      18.26 1.94 is ?-•? ''"' 

FS617 2.54 -90 7.4« 
FS619 2.54 " 7.62 
FS620 2.54 " 6.94 
TS62 1 2.54 • • 10.94 
FS622 2.54 7.75 

4.00 ±1.60     j Avg.        8. 14 

Notes: ! 
1.      Cones assembled in DRC15-8 bodie; , plugs and ring*;. 
2.      Rounds loaded at Ravenna Arsenal, BAT   Lot No.   19 w lith 

Composition B Holston Lot 3-126. 
3.      All rounds were fired at a standoff of 7. 5 inches. 

I 

• 
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Table  III 
Inspection Data 

for 0R0393   Hmm   I,  Lot No.   I   Llnmrt 

\ 

. 

Liner No 
Avg Flutt Otpfh    (in) AvgWcil Thickntit (in) Concentricity   (in )* 

UMfW Upptr 
Datum 

Lower Upper lower UPD«r 
Datum Datum Datum Datum Datum 

DHD393 item  1 .0143 . .00>1_ 
.1130 

 OBfel— 
. 1020 

.....qo.3o_... 
.0020 

..,0030  

.0050 P50-50 .0150 .0040 

P50-5I .0152 .0042 .1109 . !000 .0030 .0030 

P50-52 . 0149 .0039 . 1101 .0966 .0050 .0050 

P50-53 .0149 .00J9 . 1121 . 0958 .0060 .0050 

P50-54 .0150 .00 30 . 1060 .0905 .0030 .0030 

PSO-SS .0149 .0039 . I09« .0945 .0025 .0040 

P50-56 .0146 .0040 .1121 .0956 .0040 .0050 

P50-S7 .0147 .00 33 .1115 .0943 .0020 .0010 

P50-5S .0150 .0033 .1131 .0931 . 0020 .0040 

P50-59 .0150 .0031 . 1099 .09 30 . 0040         1    .0020 

AVERAGE        .0149 .0037 . 1 109 .0955 .0034          j    . 0°37 

STD.   DEV.      1.0002 i.0004 1. 0021 1.0034 1.0014       |    ..0014 

NOTES: 
1.      Lower datum it . 484 inch above the bast ;   icprr datum 3. 200 inchea above haac. 

2.      The indicated measurement I t each datum >• the tot* indicator runout of the 

liner's outtide surface relative to the rcgiste. diameter. Trie difference 
bet-ween the runout at the two datum plain.-:- 1$ an indication of the lack of 
perpendicularity of the  register plane and tv-v Jjner -*;:». 

Table JV 
Penetration  ficta 

for ORD393 Horn   I,  iSt.Va.  I   Liners 

«ei*ne *•        l.M io-Hl 
_      •- ~   1   ''-^aVviit? 

•"/S*      1          ftMlfenSl 
HNlVMPt 

(in) 
*it0t»  1 

p*o-40     j             i.t-o .10            I - ---v       n.rs 1 
p>o-4i      I             *.»>/ •• - J .'"<       11,44 
P*©.*i        ]                  i.fcfr 12. Jt 

1 A-g.       11. 1* 0.4>4 ,0. It 

P^O-10        1                  _'.* J                          •«* ta.it 
pvt.u                  «wM i:. i • 
P^0-li                        2.4/ it.** 
pso-n                  l.M ij.0 
pw-ti     1            i.t,: II, « 
P^U -44            i                        i.:* It-.M 

1 A»i.     T*.*4 t.to ,1.44 

P*0- 14       [                i.nl •40 it. 2* 
P*-01*>        l                  '.1,0 l».M 

1   p%c-ii>                   I.M It. U 

.. -               i 
-.»«.      If.JT u, M tO. lb 

PAQ-l? i.*a -n ib.«-0 ~F^~ 
PM. • It «v<u •4.62 
p«.o • 1* i.hi 17.44 

*V|.     16.»* 0.44 i«. >l 

-f.p PRC Hi HW4 (16*cKemf*rl <••• *it C^P. 
P*0-4* 2.4/                          4 44 I >.ti 
pS0-t* t,u IS.W 

]    P*.<*-4J 2.-4 !?.«• 
P*U-4t J.t>4 i I. n 

j    P*.C4* t,4i IV*« 
A-«.   I*.T< ••.00 t . '*• 

r 
»ttfl :>Kv   114  HVn,   ir,-.   *Hh e»t»e. 

1    P*<)-»<1        1                 i,»J|            1             .M :».«•«. 

^CCi; -i    'V  •~^p-~:--i- It,** 
P-r-t:      1            friil it.w 
P*0-»*                           /.*J ' ?. it 
P"»0«>4                     ;.».; 

Aff.      II.TT" :.T6           ,J. ?« 

N-1#». . 
|    ;.      A..r .M-d   »ilfc  |>B«' 1 • bedVes,   pi 4»«  »«*  '"*|» 1 

r#pl PA©-4* i.   *i   .fetch hart U«* D»C 114 H*4 meue.4 
rirtf. and   ,»sv   t>0 U> »-4 *hith h*4 1** »  DXC 114 H* I - 

I   hav.  .  nf«<ul,     BAT   Lft   Ho.   |t,   mxt 
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Table, V 
Inspection Data 

for  OKD393 rr.m  2 Utnrt 

Lintr 

|Aro. f\ut» PgftMtn ) 
LoWtrTF 
Datum 

DRD393 item   I .0125 .0045 
P50-81 .0131 
P5U-82 .0130 
P50-83 .0129 
P50-84 .0129 
P50-85 .0127 
P50-8<> .0129 
P50-87 .0129 
P'0-88 .0127 
P50-89 .0129 
P50-90 .0125 
P50-9! .0128 
P50-92 .012V 
P50-95 .012"' 
P50-94 . 012(1 
pSQ-QS .0129 
P50-96 .0127 
P50-97 .0128 
P50-98 .0130 
V>50-S9 .0129 
P5C-100 . 0 . 30 
P50-I01 .0129 
P5O-I02 .0130 
P50-I03 .0128 
P50-I04 .0130 
P50-I05 .0130 
P50-I06 .0128 
P50-107 .0128 
P50-I08 .0127 
P50-I00 .0128 
PSO-1 10 .0129 
PSO-lll .0129 
PS0-I12 .0128 
P50-1I3 .0130 
P50-I14 .0127 
P50-I15 .0125 
P50-II6 .0128 
P50-1I7 .0129 
PS0-II8 .0129 
P50-119 .0130 
P50-120 .0128 
P50-(21 .0129 
P50-122 .0130 
P50-123 .0129 
P50-I24 .0128 
PSO-125 .0129 
P50-126 .0129 
P50-I27 .0126 
P50-12B .0128 
P50-129 .0130 
P50-I3J .0129 
P50-I31 .0128 
AVERAGE .0129 
STD.  DEV .     i.JOOI 

Upper 
Datum 

.0051 

.0050 

. 0050 

.004 7 

.0048 

.0049 

.0050 

.004 7 

.0048 

.0047 

.004° 

.0049 

.004 7 

.0049 

.0048 

.0048 

.0050 

.0050 

.0049 

.0049 

.0050 

.0043 

.0050 

.0050 

.0050 

.0050 

.0050 

.0049 

.0050 

. ooso 

.0050 

.0049 

.0050 

.0050 

.0049 

.0051 

.0050 

.0050 

.0050 

.0050 

.0050 

.0050 

.0049 
• C050 
.0C50 
.0049 
.0050 
.0050 
.0050 
.0050 
.0049 
i.000 1 

Avq Woll Thictio«t» i'n) 
Upper" 
Uarurii 

Lower 
Datum 

1078 .0998 
. 1068 
. 1045 
. 1046 
. 1035 
. 1035 
. 1050 
. I 050 
. 1065 
. 1055 
. 1063 
. 1065 
. 1055 
. 1038 
. 1055 
.1043 
. 1030 
. 1053 
. 1059 
. 1015 
. 1044 
. '04 3 
. 1055 
. 1064 
. 1045 
.1053 
. 1045 
. 1023 
.1043 
. 1050 
. 1045 
. 1074 
. 1063 
. 1043 
. 1046 
. 1068 
.1051 
. 1040 
. 1046 
. 1043 
. 1050 
. 1051 
. 1036 
. 1040 
. 1059 
. 1053 
.1061 
. 1061 
. 1065 
. iO30 
. 1048 
. 1039 
. 1049 
1.0C1 

.09 35 

.0933 

.095 3 
-0950 
.0945 
.0948 
.095 3 
.0944 
.0955 
.0960 
.0945 
.09 30 
.0948 
.0948 
.0940 
.0928 
. 0953 
. 0940 
.09 35 
. 09 35 
.094 3 
.0925 
.096 3 
.0918 
. 09 35 

.0945 

.0925 

.094 3 

.0953 

.09 38 

.0953 

.0953 

.0940 

.094 3 

.0955 

.0933 

.0940 

.09'SO 

.0923 

.0950 

.0953 

.0928 

.0930 

.0983 

.0945 

.0953 

.0945 

.0946 

.0935 

.0933 

.0925 

.0942 
t.0012 

Concentricity (in j^ 
Lower 
Ds!'-"" 

.CO 30 

.0020 

.0090 

. 0030 

.00 30 

.0030 

.0020 

.0020 
• CO ;v 

.0030 

.0060 

.0030 

.0020 

.00 30 

.00 35 

.0040 

. 0040 
. 0045 
. 0050 
. 00 30 
.00 30 
.0020 
.0030 
.0020 
. 0020 
.0030 
.0070 
.0030 
.0020 
.0060 
.0040 
.-V030 
.0040 
.0020 
.0030 
.0050 
.b020 
.0020 
.0020 
.0020 
.0030 
.0030 
.0020 
.0070 
.0030 
.0020 
.0020 
.0030 
.0020 
.0030 
.0020 
.0020 
.0032 
i.0014 

Upper 
Potum 

.0030 

.0040 

.0150 

.0050 

.0030 

.0040 

.0030 

.0040 

.0030 
.0020 
.0130 
.0030 
.0030 
.0050 
.OC40 
.0060 
.0060 
.0060 
.0050 
.0020 
.0030 
.0070 
. 00 30 
.0050 
.0030 
.'     JO 

.OIOO 

.0040 

.0060 

.0050 

.0060 

.0030 

.0025 

.0020 

.0050 

.0050 

. OG-,0 

.0030 

.0040 

.0130 

.0050 

.0040 

.0040 

.0020 

.0020 
0035 

.0015 

.0070 

.0050 

.0040 

.0060 

.0020 

.0047 
t.0027 

Notes: 
i.      Lower datum is *4$4 tftch above the: base; upper datum 3. 2CC inches above base 
2.      The int'icaled measurement at each datum is the total indicated runout of the 

lister** outside surface relative to the register diameter.    The difference 
between the runout at the two datum planes is an indication of the lack of per- 
pendicularity of the register plane and the liner axis. 
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Tabl* VI 
Panatration  Data 

for  0RO393  Ifm  2  Unori, 

* 

Round No. Lbs.CompB Rev/Sec Penetration 
(!«h»8M.S.) 

MoK.Sprtod 
(in.) 

Std Dev 
(in) 

P50-94 
P50-95 
P50-96 

2.60 
2.62 
2.60 

+ 15 11.69 
9.75 

12.75 
Avg.      1 i. 40 3.00 ±1.52 

P50-90 
P50-91 
P50-92 
P50-97 

2.60 
2.58 
2.60 
2.60 

+ 30 

tl 

18.50 
16.75 
14.00 
16.81 

Avg.     16.52 4.50 ±1.86 

P50-37 
P5C-88 
PS0-89 
P50-98 
PSO-99 

2.56 
2.60 
2.60 
2.60 
2.62 

+ 45 19.5C 
20.31 
19.75 
20.69 
18.56 

Avg.     19. 76 2. 13 + 0.82 

P50-84 
P50-85 
P50-86 
PSO-100 
P50-101 

2.50 
2.60 
2.58 
2.62 
2.66 

+60 

11 

19. 18 
19.25 
19.56 
20. 12 
19.56 

Avg.     19.53 0.94 i0. 37 

P50-8: 
P50-82 
P50-83 

2.58 
2.58 
2.58 

+ 75 

11 

15.88 
17.06 
16.25 

Avg.     16.40 1.18 ±0.60 

P50-106 
P50-107 
P50-108 
P50-109 
F50-110 

2.70 
2.66 
2.68 
2.70 
2.72 

+ 45 18.56 
19.69 
18. 12 
18. 12 
18.06 

\vg.     18". 51 1.63 ±0.69 
Controls 
FS856 
FS857 
J--S858 
FS859 
FS860 

2.58 
2.58 
2.o0 
2.58 
2.58 

0 21.00 
18.94 
22. 18 
19.38 
19. 38 

Avg.     20.18 3.24 ±1. 37 

Notes: 
1. Cones a 

nose ri 
2. All rou 
3. Rounds 

B,   Hols 
4. FS856 t 

ssembied in DRC376 test bodies, base plugs 
igs or DRC314 HW 1 1   tees, 
ids were fired at a standoff of 7.5 inches, 
loaded at Ravenna Arsenal,   BAT Lot No,   22 
ton Lot 3-126. 
o 860 are control rounds containing DRB398 

and either DRC376 

with Composition 

:ones. 

11 
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Tobl* VII 
Summary of Serrated Liner Performance 

M»2 Typm Com. (imm fa. -U 

DRI2 typo COM nMchmod from capper por, •**«lop« of flat* crottt for OKtomoily flirroo1 coooa ioVnticol vitft vrlornol wrfoco of 0812 

cono, iwlioo •'tomotor vartod o» roooiroo* for oVtirad vail ffiicknoM. ctcopf okoro no.'ow wotl rhw:kr»#ti it otMfttUHy corut.nt o.or ontiro 

COW. Huto oOpHl VOftOI liooor'w from ia^icorod oopHt to BOro • * *h» tkoereticol APEX of ffto £000 ownofotod by trto fluff crottt. ftodiut 

fo oyHido turfoco of dotvrn for doprk «nd fSiclnoti it  1.521* inekoi. 

Drawing No Number of 
Flutes* 

DRD263 
DRD17-6 
DRDJi-3 
DRD34-3 
DRD33-3 
DRD3S-3 
DRD16I -I 
DRr>l62-2 
DRD63-* 
DRD63-3       <j) 
DRD2S4 No.   1 

DRD78-2 

DRD78-2 

DRD213-1 
DRD223 

DRD117-3 & 

4CP 
I6F 
I6C 
16F 
36C 
3bF 
16 F 
4SF 
6 OK 
60F 
I OOF 

I6CP 

I hC P 

I6CP 
I6CP 

I6F 

Wall Thickntos 
(in) 

. 1 r.fo4 

. 1490 

.0990 

. 1495 

. 148b 

.1493 

.09b4 

. 0990 

.0984 

. 1480 

.1317 

.0967 

.  I "7b 

. 1257 

. 1288 

. 1490 

Flute Depth 
(in.) 
.0614 
.0246 
.0248 
.0b24 
.0164 
.0171 
.0129 
.0112 
.0162 
.0168 
.0422 

. 0^7n /;-;> 

.0281 (Ext) 

.0338 (int) 

.0267 (Ext) 

.02 74 

.02 7b 

.0233 

f. 
as 

0 
.IS 
• 35 
.55 
.15 
. IS 
.35 
.40 
.bS 
«.:s 
.20 

tS 

-85 

.65 
-20 

7.5 

Remarki 

Ext.   Fl-ites Only 8.0 
lb.0 
8.5 
9.b 
15.2 
15.5 
16.9 
16.0 
14.0 
15. 3 
!5.0 

18.2 Matching- Flutes 
Index Angle=l° 8' 

14.8 " "     =4° Zo' 

15.b 
17.8 

15. i 

Ext.   Flutes Only; 
Int. 

Ext. Spiral Flutes 

Penetration of optimum wall  smooth cone of DRB2 design at  zero rev/sec is 15.0 in. of mild steel. 

Notes: 
1. F refers to chord flutes,   machined 

FP   "         "        " "     ,  pressed 
C       "         "        " "     •   machined 
CP  "     .   pressed 

2. A positive value for "^ means that the cone,   viewed from the apex,   must be rotated in a clockwise 
direction at the indicated frequency (rev   sec) in   >rdtr to exhibit maximum penetration. 

3. Hoot of flute parallel to inside cone surface* 
4. This lot of cones differs from URD17-6 in that the flute" spiral through IC   ,  clockwise,   from apex 

to ba se. 
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Table  VIII 
Summary  of  Serrated  Liner  Performance 

DRB3V8  lypm  Con*  ,'$••   fig.  4.) 

I    ! 

DRIjVI type con*. ell but one lot of copp*' COHAI ware made by pretlino, flutet into drawn blent*. The copper conei of DRD272 No. I 

we» mechmed completely, includ'-no, fwtet end tKc ORD267 aluminum conei wore machined elto. jut the flutn were prested. Hicept 

where not»d welt thickneit it ottontielly conttent. fHyts depth verivtt linearly *rom indicated depth to teto «t the theoretical apei of the 

(.w/.w generated by 'he flute crottt. Rediwt to outi.de twrface at datum for depth and thicknati it indicated. 

Growing No. 

DRD272 No.   1 
DRDJ'13 item 1 
DRD393 item 2 
DRD267 
DRD2c>7 

">RD318 itrm 1 
DRD319 item 1 
DRD320 item ! 
DRD320 item 2 
DRD320 8tem 3 
DRD32I  item  I 

No. Flute* 
Wo 11 Thtctv 
ness (tn ) 

SOF 
50FP 
5 0KP 
JOFP 

36FP 
45FP 
60FP 
t)OFP 
60FP 
100FP 

. 1615 

. 1093 

. 1048 

. 1065 

.1074 

. 0999 

. 1021 

.10 39 

. 1088 

.1114 

. 1021 

Flute 
Depth (in.) 

, 061 ! 
. 0 1 r. I 
.0129 
,0089 
.Of 77 

.0112 

.0113 

. 01C8 

. 021 1 

.0)81 

.0098 

Rodiut to 
FluteCrest(m) 

1.62'( 
1.617 
1.617 
!. 624 
I. 70 > 

1.583 
1.583 
1.583 
1. 578 
1.567 
1 .583 

< 
t50 
*60 
• 52 
.25 

0 

-3 
-15 
.3 
-5 

11.4 
18. I 
20. 0 
20.8 

8.6 

20. 0 
21.1 
19.6 
1H.0 
2". 0 
20.2 

Remarks 

Ext.   Flutes Only 

",  Alum. 

Int.   Flute r. Only 

Penetrat tptimum v.all smooth cone  of  DRDS08 design at ?.ero   rev   sec  is 2.J.8 .n.   oj  mild  su. 

F refers  to 
FP 
c 
C.P   •• 

"hord flutes, m-u flirted 
. pressed 
, machined 
, pressed 

2. 

3. 

A  positive value  ior Y9   means that  the cone,   viewed from the apex,   must be  rotated in a 
clockwise direction at the indicated frequency (rev  -.eel in order lo exhibit maximum penetrat 
Root of flute parallel lo inside cone surface. 

Toble IX 
Summary of Calculations 

Correlation Factor t(N) 

fls.) 
6 

D'C*'"5 No 

DR0U*< 
DRUM- i 

DUD 15 * ' 
DRD.*-' 
DBIHM -1 

CtROIbi --* 
tifinfcj-» 

Ltftllr, .- ' 

I'RDiM v 

UHOJI . . • 
DRDibl 
t>R[) V»J ;tr n 
tlRDi*. >'m 

t>l.-> 
M.4 

2*  4 
Oj.q 

B<»,0 

! 18.0 

! Jr.,0 

>4.0 

10.7 

\b. I 

<«S,b 

107.0 

2b.b 

. -S44- 

. lilt 
. '.Ml 
.  LritIS 

. ft«7t> 

- • « J -' 

. k-i748 

.HI MS 

. i»0b<>7 

.0077 1 

. $0h~t> 

. 01720 

. tU2 00 

* tJ •««> 

ion«. .01019 
w»42 .C0M8S 
oil y .03844 
UlO-4 ,3IA08 

*».t)0 

24. i 

*4.6 

4r. •> 

S7..1 

"»*•. 0 

•    flute* difc   pr*«.»«d into  imouth rant*. 

d      MUHi f.-te ricpth.   irwhtf, 

t  - minimum wall  tuhickness *tro»* flul*   pi-nhlc, 

H   :   i*6»s.»  o*  cene  lo t't.loJ Hut*.   trt< »*• 

d.   1,   R irr *U m**iurfl *t  the?   • .im-:  d-tlum pi* 

rotation*!  froqunncy.   r*-»  • *«?c. 
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TdM* X 
T11*173  Morfmccrtton 

C. G.:   1.29 calibers from base   {5. 31 inches* 

Axial moment of inertia:      43.0 lb-in     (nominal) 

Transverse moment ot inertia:     204.0 lb-'.n*   (ncminal) 

1 e 

" 

^Hgj^^JCjK^^^^1^^ 

~T~ '~ 
—*• ***** * 4  m mJBfm 

^ 

Port D rowing rto- Maternal Weigh* (lbs) ! 
• 

Band.  Rotating DRB360 Gilding metal,  annealed 0.25 
Body DRC321 Steel   WD1045 7.41 
Cap. Tee DRA695 Steel    WD1030 0.09 i 
Cone DRD3r:»te.nl Copper QO-C-576 0.84 
Bushing.  Tee Cap DRA696 Ruboer -- 
Element,  Nose DRA496 0.03 

5T222E3) 
Pad,  shock DRA461 Felt M1L-F-10954 
Plug. Base   (A) DRA288 Aluminum 24S-T4 0. 11 
Plug. Base (B) DRB4 10 Aluminum 24S-T4 1.03 
Ring.  ""O" DRA459 Rubber — 
Sleeve. Grommet DRA492 Nylon FM 3003 
Strip,  Pin DRA4S4 Phenolic laminate -- 
Tape DRA627 Viscose Rayon 
Tee DRC314 Steel WD   1030 5.16 
Washer DRA721 Felt -- 
Wire,  Fue DRA628 Ber /Ilium Copper #24 -- 
Assembly 

Element,  Base DRA579 .36 
for fuse 

Charge. H.E.   Corr.p B. Grade I. JAN-C -401 2.27 
Total Project Weij fht   (calculated) 17.55 

14 
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DISTRiSUTION 

•^ 

\ 

f 

c 

Number 
of 

Coplat NUMMtS INSTALLATION 

Offleo, Chtof of O. Ii «neo 

1 I ORD1S 
2 2-3 ORDTA 

1 
1 

4 
5 

ORDTQ 
ORDTR 

1 6 ORDTB 

1 7 ORDGUSI: 

1 8 ORDTU 

Arunol) 

10 9-18 incl. Frankford 
-i 19-20 Pkatinny 

Abordoon  Proving   3r« *md 

2 21-22 Ball:'tics Research Labor itcwv 
1 23 Development and Proof °-. .tees 

Contractors 

1 24 Carnegie Institute of Technology 

U.  S. Navy 

1 25 Bureau of  Navy Ordnance 
2 26-27 Nsval Ordnance Laboratory, 

White Oak 
1 

1 

28 

29 

Naval Ordnance Test Station, 
Inyokern 

Naval  Proving Ground, Dahlgren 

i. 
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